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MISSOULA -
The weather in Montana is bouncing around between extremes of hot and 
cold, wet and dry, and it's been difficult or impossible to predict what’s 
coming next. First there was a drought that brought the driest weather on 
record; then came months of record rainfall in August and September. And 
this winter, for the second year in a row, Flathead Lake is frozen. What is 
next?
We may see more extremes in the weather, according to University of 
Montana researcher Steve Running, professor in the School of Forestry. And 
those extremes may be the harbingers of dramatic climate changes throughout 
Montana in the years to come, changes arising from the long-awaited 
"greenhouse effect," in which heat is trapped in the atmosphere by a buildup 
of carbon dioxide from the burning of fossil fuels such as oil and coal.
Such changes may be happening not only in Montana, but throughout the 
country and the world. Running is one of a handful of researchers in the 
nation focusing on how changes in the earth's atmosphere, water and land will 
affect life on earth. The study is part of a new scientific discipline known 
as global habitability— meaning literally, the fitness of the earth as a 
place to live. Using what's known as "remote sensing," Running combines 
satellite images from a thousand miles in space with specially designed 
computer models to both analyze and predict global ecological changes.
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He gives an example close to home:
The year is 2015. Travelers on Interstate 90 heading west from 
Missoula, Montana are passing through what used to be the Lolo National 
Forest. But the forest is nearly gone. Where full, healthy ponderosa pine, 
western larch and Douglas-fir once stood are acres upon acres of scrawny, 
scraggly, pock-marked trees stripped of their needles. The common pine 
beetle has devastated thousands of square miles. Fishermen no longer enjoy 
lazy hours of angling along the creeks and streams, because the water 
has dried up.
But the same year in Libby, Montana, is far different. Libby has 
become the heart of Montana's new "Banana Belt," with an upsurge in its 
agriculture and beautiful new recreation areas enhanced by new forest growth.
Blessed with an abundance of water for several years, Libby was not as 
adversely affected when creeks, streams, and lakes began to dry up.
What has happened to these two communities in that 30-year span? The 
same thing that happened to communities all over the world - the earth 
got warmer. And the land changed.
The above is only a scenario, but a very likely one if current 
predictions prove accurate. In 30 years the average temperature worldwide 
may shoot up an astonishing 4 degrees Centigrade or more, due to an enormous 
increase in carbon dioxide in the earth's atmosphere. The heavy C02 
concentrations are the result of the accelerated burning of fossil fuels 
since the 17th century. The C02 blocks long-wave infrared energy from 
escaping into space, while still allowing normal heat energy to enter - thus 
the term, "greenhouse effect."
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Early thinking suggested the increase in temperature would mean a 
greater ability to grow crops and forests in Montana's colder climes, and 
there was little local concern about the upcoming radical changes in the 
earth's atmosphere.
But work done by Steve Running at the University of Montana and his 
colleagues at the National Aeronautics and Space Administration (NASA funds 
Running's work through a series of grants and special projects) is now 
corroborating reports from around the world that exactly the opposite 
may be true. With a warmer earth, scientists realize, many existing water 
supplies may simply evaporate. Evaporation in the Pacific Northwest could 
mean that whole forests would not get the nourishment they need for good 
health. Loss of health means loss of strength and resistance for the trees.
In the long run, it would not be surprising if the common pine beetle 
spelled doom for the Lolo National Forest.
Global habitability predictions might consequently become the basis for 
land—use planners at the national, state and local levels to design and 
implement appropriate public policies. New forests might be planted; new 
strains of crops could be found and developed. And perhaps most importantly, 
continued monitoring of changes in the earth and its atmosphere would make it 
possible to lay out alternate plans for many years to come.
Running's work deals with a future that is speeding toward us at an 
unprecedented rate. "Fast global change is what we're talking about," he 
says. "Where major changes in the earth's climate used to take thousands or 
millions of years to evolve, due to the influence of civilization they may 
now take only 30-40 years."
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Using the technology of remote sensing, Running works in three major 
areas of global concern to monitor the earth and its changes: large-scale
changes in land use such as the expansion of deserts and tropical 
clear-cutting; global climate changes due to the rising levels of 
carbon-dioxide and trace gases in the atmosphere; and the global 
transportation of pollutants (such as the ash from Mt. St. Helens that 
circled the world several times in the weeks following the eruption).
Media coverage of nuclear war scenarios has already acquainted the 
public with computer modeling. The prediction that a nuclear war would cover 
the earth with a gray shroud of ash for an extended length of time, 
drastically lowering the earth's temperature, was the result of computer 
modeling. This prospect substantially changed public thinking and public 
policies on the issue. "I like to think," Running continues, "that right up 
to Reagan and Gorbachev, they've heard about the nuclear winter scenarios and 
realize that nuclear war would be a catastrophe to global habitability. We 
know now that you can't dig a hole and crawl in and be O.K."
Running's work involves developing the two major components of 
observation simultaneously. Satellites transmit a stream of digital data 
- images coded in numbers, creating a more precise image from which 
information can be extracted or enhanced with extreme accuracy. The format 
is similar to that used by today's videorecorders, which use digital 
recording for a purer sound and picture. Running must build a computer model 
capable of accepting the same sort of data the satellite transmits. At the 
same time, he must determine which parts of the satellite data are most 
important in order to build an image that will match the computer model. He
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gradually works both ends toward the middle, until they are in synch and the 
whole system works.
Why such an extraordinarily costly and time-consuming process as 
remote sensing? At global scales satellite analysis and prediction is more 
accurate than ground prediction and far more comprehensive. The sheer volume 
of ground to be measured is one problem. Normally, scientists walk over the 
ground, analyzing it acre for acre, then extrapolate projections for the 
acres they have been physically unable to cover. Projections for the 
untrodden ground may or may not reflect reality. With an image beamed in 
from outer space, it is theoretically possible to measure and analyze every 
acre of the earth's surface, and to monitor its changes. It is possible to 
"walk" electronically where no one has walked before.
Thus the physical volume is not such an overwhelming task when remote 
sensing is used. Remote sensing also makes it possible to grasp the full 
complexity of the earth's ecological systems and their interactactions for 
the first time. Understanding how the biology of the earth, the cycles of 
the oceans and rivers, the energy cycle of the atmosphere and the dynamics of 
the land all interrelate and are affected by human civilization is an 
undertaking of massive proportions. Before the development of remote 
sensing, the necessary equipment and data bases for measuring, analyzing and 
projecting possible future consequences simply did not exist. A remote 
sensing prototype has now been developed, and work is proceeding toward a 
fully operational satellite system called the "Earth Observing System."
Intensive testing and monitoring toward that goal will begin in Montana 
next summer when Running and his colleagues begin a project dubbed "The
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Montana Chain Saw Massacre." Running and his crew will deliberately "stress" 
two acres of trees by girdling the tree trunks with a chain saw. The cuts 
will completely sever the water supply going up the trunk of the tree. The 
result will be severe water stress in the leaves, and that stress will be the 
object of remote sensing.
After the trees have been "stressed," the researchers will send a 
NASA C-130 research aircraft over the site at 20,000 feet carrying an 
Airborne Imaging Spectrometer —  the new prototype remote sensing device —  
to record and analyze the changes in the trees. The sensing device will 
record the information in the form of visible and invisible wave bands on the 
electromagnetic spectrum —  light waves —  and this "spectral signature" will 
allow researchers to learn exactly what wave lengths correspond to observed 
changes in the trees.
The project will continue in the summer of 1987, when a U-2 aircraft 
will fly over the site at 70,000 feet with the imaging spectrometer aboard.
A space shuttle will be launched in the summer of 1989, with SISEX —  a 
Shuttle Imaging Spectrometer —  aboard. The full Earth Observing System is 
scheduled to be launched in the mid-1990,s.
From the abstract realm of satellite images in space, to the concrete 
reality that the weather is somehow a lot more difficult to predict this 
year, Running’s work encompasses some of the major ecological issues of our 
time. Monitoring the earth and projecting possible changes is literally 
treading new ground, and "global habitability" —  the fitness of the earth as 
a place to live —  will become a concern as real and familiar as the health 
of the trees in the Lolo National Forest.
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